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CHAPTER 1

INTRODUCTION

Lycopersicon peruvianum. a wild species of tomato, has been studied
for many decades. It has been characterized as a highly polymorphic species
(Rick 1963). Many morphological differences are apparent within L.
peruvianum, such as leaf shape, size, color and surface texture; fruit size,
shape and pigmentation; and flower size and form. This morphological
variation can also be detected between populations as well as between races
and major subspecies categories. This species is widely distributed in western
Peru and northernmost Chile at altitudes from sea level to 2,500 meters (Rick
1963).
L. peruvianum has been recognized for a long time as an important
source of germplasm for cultivated tomato (L. esculentum) breeding. Yeager
and Purinton (1946) developed the cultivar 'Hi-C' with a high content of
vitamin C by using L. peruvianum with a high vitamin C content as
breeding material. In a similar way, the cultivar "Doublerich" (characterized
by its twice the normal content of vitamin C) was bred by Schultz (1953).
Gilbert and McGuire (1956) found a single gene. Mi, in L. peruvianum which
confers resistance to root-knot nematode. They successfully introduced this
gene into cultivated tomato through classical breeding methods based on
selection of nematode-resistant plants. Alexander (1963) observed that L.
peruvianum possessed a gene for resistance to tobacco mosaic virus, and then
introduced this character into cultivated tomato. Aside from these cases,
other resistance genes in L. peruvianum have been exploited to varying
degrees (Rick 1982), such as resistance to: bacterial canker; collar rot; corky
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root; Verticillium dahliae or verticillium wilt; cucumber mosaic virus; curly
top virus; tomato yellow leaf virus and potato aphid. All of this research has
demonstrated that L. peruvianum. as a breeding resource, is invaluable to
quality improvement and pathogen resistance of cultivated tomato.
The use of L. peruvianum as a breeding resource for cultivated tomato
is hampered by the barrier to crossing. When L. peruvianum is used as
female, the elongation of the pollen tube of L. esculentum is usually
terminated before fertilization (Hogenboom 1972b). When L. peruvianum
serves as male, fertilization between L. peruvianum and L. esculentum can
be effected, but is followed by embryo abortion. Fruits are set, but do not
contain viable seeds (Cooper and Brink, 1945, Hogenboom 1972a). Smith
(1944) circumvented this crossing barrier by using embryo culture. The viable
seeds were recovered from the interspecific cross when L. peruvianum was
used as the male parent. Thomas and Pratt (1981) reported an improved
method by which the interspecific hybrids between L. esculentum and L.
peruvianum can be recovered more efficiently than conventional embryo
culture. In this method, calli from undeveloped seeds of the interspecific
cross were induced to form shoots, from which plantlets were regenerated.
These regenerated plants were confirmed to be hybrids based on their
morphology, isoenzyme patterns and self-sterility. It was suggested that this
embryo callus rescue technique can be used to facilitate the introduction of
necessary genes from L. peruvianum into L. esculentum.
Apart from the utilization of L. peruvianum as germplasm in
breeding program, L. peruvianum is also characterized by its high
regeneration capacity in tissue culture. Tal (1977) placed leaf sections of
cultivated tomato and two wild species (L. peruvianum and Solanum
pennellii) on different media, and found that the explants of L. peruvianum
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regenerated the highest number of roots and shoots. In addition, Zapata et al.
(1977) observed that cells derived from protoplasts of L. peruvianum divided
rapidly in liquid media and could be induced successfully to regenerate
plantlets. The regeneration response of mesophyll protoplasts from L.
peruvianum to different media has been investigated (Muhlbach 1980). The
results showed that the protoplasts of L. peruvianum produced bright and
friable calli. Shoots and roots were formed sufficiently not only from leaf
explants but also from calli induced from single protoplasts. In this
experiment, it was found that high cytokinin levels induced shoot formation
and high auxin levels induced root formation. Furthermore, mesophyll
protoplasts from leaves of L. peruvianum can be successfully induced to
differentiate along the pathway of somatic embryogenesis, and form
embryogenic-like structures when cultured in Murashige and Skoog (MS)
media plus kinetin and a-naphthaleneacetic acid (NAA) (Zapata and Sink
1981). After these embryogenic-like calli were transferred onto hormone-free
medium, they formed shoots. Optimum regeneration media for eight
different wild tomato species have been evaluated by comparing the number
of shoots regenerated from leaf explants on eight different media (Kut and
Evans 1982). These results also confirmed that L. peruvianum has high
regenerative potential.
Different explants from L. peruvianum have also been used to
regenerate shoots. Locy (1983) used stem, hypocotyl, and leaf explants of six
Lvcopersicon species as the materials to test their regeneration potentials.
Shoot regeneration from hypocotyl explants was found to be most successful
among all species and nearly all hormone levels when compared to that from
stem and leaf explants. In addition, hypocotyl explants of L. peruvianum and
L. glandulosum exhibited the best potential for shoot formation. Thus, he
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suggested that explants of less mature tissue, such as hypocotyls, may give rise
to more shoots than mature tissue. Cotyledons from L. peruvianum also
were considered as a good source of explants for shoot regeneration (Ammati
et al. 1984, Frary, unpublished).
Efforts to transfer regeneration capacity from L. peruvianum into L.
esculentum have been attempted by Koornneef et al. (1987a) using classical
breeding methods. The selfed and backcross progenies of a selected plant with
expected 25% genetic composition of L. peruvianum were used to investigate
regeneration and callus growth. Two dominant genes conferring favorable
regeneration and callus growth from L. peruvianum were suggested by their
established cultures. Their results also showed that callus growth was
correlated with regeneration potential in the populations they studied. This
high regeneration characteristic has been used in foreign gene transformation
experiments by means of the leaf disc Agrobacterium-mediated method and
direct gene transfer (Koornneef et al. 1986). Increased transformation
efficiency is due to the use of explants with high regeneration capacity.
One of the most intense areas of research in L. peruvianum is the
mechanism of its self-incompatibility. Self-incompatibility (SI) was defined by
de Nettancourt (1977) as failure of a fertile hermaphrodite plant to produce
zygotes after self-pollination. All the L. peruvianum accessions collected in
western Peru and northernmost Chile (except LA 2157) exhibit a self¬
incompatible phenotype (Rick 1986). Lamm (1950) found that self¬
incompatible specificity in L. peruvianum is determined by the genotype in
haploid gametes rather than that of diploid pollen-producing plants.
Therefore, he concluded that the SI system in L. peruvianum is gametophytic
rather than sporophytic type. Many researchers have confirmed that SI
system in L. peruvianum is controlled by a single locus (Lamm 1950,
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McGuire and Rick 1954, Hogenboom 1972c, Tanksley and Loaiza-Figueroa
1985). Altered specificity of the self-incompatible response was detected by
Ramulu (1982) in tissue cultured derived plants. Some plants regenerated
from anther explants of L. peruvianum showed a different incompatibility
genotype from their parents. It was postulated that these new SI alleles
resulted from somatic variation which was induced during tissue culture.
Changed response in specificity of self-incompatibility was also found in the
plants regenerated from cotyledon and leaf explants of L. peruvianum (Frary,
unpublished). Important progress in the research of self-incompatibility was
achieved when stylar proteins of L. peruvianum associated with expression
of self-incompatibility were identified and isolated (Mau et al. 1986). Their
results demonstrated that arrest of self-pollen tubes occurs in the upper
region of the style where S-allele-associated proteins are most concentrated;
expression of S-alleles is developmentally regulated since S-allele-associated
proteins were found in higher concentration in styles from mature and
yellow buds than in immature green buds; two S-alleles have a high degree of
homology when 15 amino acids of the amino terminal sequence of these
proteins were compared. Eight of 15 amino acids in the amino terminal
sequence of these two S-alleles are identical to four glycoproteins of S-alleles
in N. alata, suggesting that genes responsible for SI are conserved. Although
these S-allele-associated proteins showed a correlative role in expression of
self-incompatibility in L. peruvianum, genetic evidence that they cosegregate
with the S-locus has been obtained only recently (Bernatzky, 1993). Definitive
proof that these proteins are responsible for SI could be obtained by
transformation experiments using cloned genes which encode these proteins.
An objective would be to demonstrate that these cloned sequences endow the
transformants with a corresponding specific response of self-incompatibility.
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Accession LA 2157 is a self-compatible (SC) accession among this otherwise SI
species. Successful transformation with a putative SI gene from self¬
incompatible L. peruvianum into self-compatible plants will provide an
opportunity to characterize the role of these S-related proteins. Therefore, the
development of an efficient transformation system in L. peruvianum will be
useful for further elucidation of the SI phenomenon. In addition, it may also
possibly provide a good system for general studies on gene expression and
regulation in plant biology.
Foreign gene transformation into plant genomes has been an area of
active research since the 1980s. The most commonly used method for
introducing foreign genes into plants has been Agrobacterium-mediated
transformation. In 1983, the first foreign gene was introduced and expressed
in tobacco cells using Agrobacterium tumefaciens as a vector (Bevan et al.
1983; Fraley et al. 1983). Since then, many dicot species have been reported to
be transformed successfully such as Petunia hybrida, Lvcopersicon
esculentum (Horsch et al. 1985, Fillatti et al., 1987a); Solanum tuberosum,
Brassica napus (Ooms et al. 1985a, 1985b); Populus species (Fillatti et al. 1987c);
Arabidopsis thaliana (Lloyd et al. 1986). Asparagus officianallis, a monocot
has also been transformed and regenerated (Bytebier et al. 1987).
A. tumefaciens is a gram negative, soil-borne bacteria. In nature, it
disrupts the normal growth of higher plants and causes the formation of
crown gall. The main genetic factors inducing the formation of crown gall are
located on a large plasmid (Ti-plasmid) within the bacteria (Van Larabeke et
al. 1974). A small portion of DNA of the Ti plasmid, (T-DNA), is transferred
and integrated into the plant genome during the process of the formation of
crown gall. The T-DNA harbors two different gene systems. One group of
genes is responsible for the biosynthesis of two phytohormones, indole-3-
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acetic acid (an auxin) and isopentyladenosine (a cytokinin precursor)
(Akiyoshi et al. 1984, Barry et al. 1984). The constitutive expression of these
genes produce the large amount of phytohormones that result in irregular
development of plant tissue. Therefore, the tumor-tissue is induced.
Another group of genes on the T-DNA encode the enzymes for the synthesis
of unusual amino acids called opines in infected plant tissue. The production
of opines provides the carbon and nitrogen source for propagation of the
bacteria (Kemp 1982). Because these two groups of genes are not responsible
for the transfer of T-DNA and are oncogenic, they are often deleted and
replaced with different marker genes and desirable genes.
The main control system for transfer of T-DNA was located on the
virulence or vir region of the Ti plasmid. The vir region is a 35 kilobase pair
DNA sequence independent of T-DNA. The main function of the vir region
is to regulate the transfer of T-DNA. The vir region consists of six distinct
groups. They are virA, virB, virC, virD, virE and virG. Each group has a
different function: vir A, virB, virC and virG are essential for transfer of TDNA, whereas virC and virG are responsible for enhancement of the efficient
transformation of plant cells (Stachel and Nester 1986). The expression of vir
genes in A. tumefaciens is switched on rapidly only in the presence of
susceptible wounded cells (Stachel et al. 1985, Stachel et al. 1986).
A distinct characteristic of the T-DNA sequence is the 25 base pair (bp)
imperfect direct repeats on its left and right borders. These imperfect direct
repeat sequences are essential for the transfer of T-DNA (Yadav et al. 1982,
Caplan et al. 1983). T-DNA transfer begins when A. tumefaciens approaches
the exudate of wounded plant tissues. The exudate contains a group of
compounds including acetosyringone and hydrozyacetosyringone that play
important roles in induction of expression of the vir region. The virA gene
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product, expressed constitutively, sensitively detects the presence of the
chemical stimulus, and induces the expression of the virG gene. The product
of virG gene activates the transcription of the remaining vir genes (Stachel
and Zambryski 1986).
The product of virD recognizes and nicks the 25 imperfect repeat
sequence on the right border of the T-DNA as a site specific endonuclease
(Yanofsky et al. 1986). Meanwhile, the virD product also binds to the 5' end of
the single strand of nicked T-DNA (Stachel et al. 1987). The product of virB
plays an accessory role during the process of transfer of T-DNA into plant cells
by acting upon the plant membrane. Besides the vir region, some other genes
located on the bacterial chromosomes have also been found to be involved in
the process of T-DNA transfer into plant cells (Douglas et al. 1985,
Thomashow et al. 1987). Despite the many studies on A. tumefaciens ,
information about how the T-DNA moves from the bacterial cells into plant
cells and integrates into plant genome is scarce.
Understanding the gene control system for T-DNA transfer would
provide an opportunity to design efficient vectors for genetic engineering.
Currently, many different vectors have been devised. They can be classified
into two distinct categories, namely co-integrative and binary vectors. A cointegrative vector is a Ti plasmid in which tumor-inducing genes have been
deleted and usually replaced with marker genes. In order to insert foreign
DNA into T-DNA, an intermediate vector is required. This intermediate
vector has two important characteristics. One is that this vector can be easily
manipulated in Escherichia coli. Thus foreign DNA can be integrated into
the intermediate vector using standard molecular biology techniques.
Another, is that it contains a homologous region within the sequence
between the border repeats of the co-integrative vector. When E. coli
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conjugates with Agrobacterium, the intermediate vector can move from E.
mil to Agrobacterium by the help of another plasmid, called the helper
plasmid (Van Haute et al. 1983). Because the intermediate vector contains a
homologous region with the T-DNA, the recombination between
intermediate vector and Ti plasmid occurs within the region of the T-DNA,
resulting in localization of the desired gene between the borders of the TDNA. When the vir region is activated, the T-DNA harboring desired genes
can be transferred and integrated into the plant genome. The bacteria with
non-recombined plasmid will not exist under specific antibiotic selection.
The second type of vector is called the binary vector. This vector can
replicate both in E. coli and Agrobacterium. It harbors marker genes and
multiple cloning sites flanked by the border sequences of the T-DNA. The
multiple cloning sites allow the insertion of desired genes. The binary vector
also needs to be transferred into Agrobacterium from E. coli in the presence
of the helper plasmid (Hoekema et al. 1983). The Ti plasmid in the
Agrobacterium contains a functional vir region, but the T-DNA and 25 bp
border repeats have been deleted. Under the influence of vir products, the
DNA sequence flanked by the T-DNA border repeats on the binary vector will
be transferred and integrated into the plant genome.
In order to select and identify transformed tissues or plants easily, the
use of the appropriate marker genes is necessary. There are two reasons for
the utilization of marker genes. One reason is that the products of marker
genes allow direct selection of transformed plant or tissue on selective
medium. This type of marker gene usually encodes an enzyme that will
degrade an antibiotic. One of the most popular markers is the gene kan
encoding neomycin phosphotransferase (NPTII). A transformed cell or tissue
in which kan is integrated can tolerate a certain amount of the antibiotic
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kanamycin, but non-transformed cells or tissues will not grow. Moreover,
analysis of the pattern of inheritance of kan resistant transgenic plants using a
single, nondestructive kanamycin spraying method can be easily carried out
at the whole plant level (Weide et al. 1989). These advantages result in the
widespread use of kan as a marker gene. Another reason to use a marker
gene is that the product of marker genes in transgenic tissue or whole plants
can be detected and conveniently analyzed. One example is the gene uidA
encoding (3-glucuronidase (GUS) from E. coli (Jefferson et al. 1986). The GUS
can cleave a wide variety of glucuronide compounds as an acid hydrolase.
Because GUS is very stable and there is not glucuronidase activity in plants,
uidA is commonly used as a marker gene in identifying tissue- and
developmental-specific gene expression in transgenic plants (Jefferson et al.
1987).
Different explant sources have been successfully transformed using A.
tumefaciens. The explants from cotyledons, hypocotyls, leaves, or stem have
been reported to be infected easily by A. tumefaciens. Apart from these
explants, successful integration of foreign genes into plant genome has also
accomplished by infecting seed, protoplasts, suspension cells, callus, somatic
embryo and shoot apices with A. tumefaciens (reviewed by Fillatti 1990),
although many of these studies remain controversial. In many plant species,
a difficult problem is to regenerate whole plants, a prerequisite to the transfer
foreign genes into plant cells. Therefore, Fillatti (1990) believes that it is an
advantage to possess different types of transformable explants in an A.
tumefaciens transformation system.
Transformation efficiency is the main concern in the establishment of
a successful gene transformation system. Many factors are involved that
affect the transformation efficiency, such as concentration of bacteria, the
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composition of the co-cultivation medium, the time of co-cultivation, the age
and size of explant and explant regenerative capacity. Fillatti et al. (1987b)
systematically studied the above factors, and proposed an efficient method for
gene transformation in cultivated tomato. The method includes one day
preincubation on media containing tobacco suspension cells on the top of
plates (feeder layer), 30 minute infection of cotyledon, two day co-cultivation
on KCMS/TOB media (for composition of media see Appedix 1). In theory,
tobacco feeder cells increase some chemical compounds that are normally
present in the exudate of wounded tissue. These chemical compounds
activate metabolism and induction of vir gene expression. This result is
concomitant to the work of Horsch et al. (1985), in which petunia feeder cells
were also used to increase gene transformation efficiency. One of the
chemical compounds in the exudate of tobacco wound tissue, acetosyringone,
was demonstrated to promote efficient transformation of Arabidopsis
thaliana (Sheikholeslam and Weeks 1987) and Atropa belladona by A.
tumefaciens (Mathews et al. 1990).
Many methods have been used to confirm the integration and
expression of foreign genes in transgenic plants. These methods include a
phenotypic assay, an enzymatic assay. Southern blot analysis and analysis of
segregating progeny. Marker genes often confer transgenic plants with
resistance to corresponding antibiotics, therefore the segregation pattern in
the progeny of transgenic plants can be analyzed easily by observing their
different responses to antibiotics. The level of foreign gene expression is
controlled in part by the promoter sequences. Jones et al. (1985), constructed
an artificial gene by fusing the octopine synthase gene with the promoter of a
light-harvesting chlorophyll a/b binding protein gene derived from Petunia
hvbrida and transferred this gene into P. hvbrida. In this experiment, the

level of expression of the transferred gene showed great differences among
the different transformants. This variation was considered to be caused by a
position effect (site of integration into chromosome). Walden (1989)
summarized the possible explanations for the position effects. The
explanations include: 1) foreign DNA integrates into a region of the plant
genome that is rarely transcribed or that is interfered with by positive and
negative transcriptional activity nearby; 2) the inserted DNA is methylated; 3)
intrinsic characteristic of foreign gene construct does not fit its being expressed
in the new environment.
The fate of a transferred foreign gene into a plant genome has also been
investigated. Chyi et al. (1986) demonstrated that T-DNA integrates randomly
into single loci of the Lycopersicon genome. In the progeny of one
transformant, they also found that T-DNA restriction patterns were different
when compared to the transformant, suggesting that the T-DNA in the
genome was not stable. Generally, one to three copies of T-DNA, often
physically linked to each other was found integrated into tomato DNA
(Jongsma et al. 1987). In this study, integrated T-DNA including T-DNA
flanking regions was rescued from the transgenic plant genomes. The result
demonstrated that T-DNA integrated into a non-repetitive DNA region of
plant genome. Often, the T-DNA in plant genomes exhibit stable inheritance
in normal Mendelian fashion (Budar et al. 1986, Chyi et al. 1986, Wallroth et
al. 1986)
Establishment of efficient foreign gene transformation system in L.
peruvianum will be very useful for the studies of plant molecular biology.
As mentioned above, the role of a cloned gene encoding the S-locus protein
needs to be further confirmed by detecting whether its expression in
transgenic plants of the same species will confer the corresponding specificity
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of the transferred gene. The final identification of function of this S-gene is
meaningful to both basic and applied research in plant biology. The first step
in such a study would be to transfer this S-related gene into self-compatible
plants of L. peruvianum and observe the effects of self- and cross-pollination.
In order to transfer foreign genes into L. peruvianum by means of the
A. tumefaciens-mediated method, two important factors need to be
considered. One is the regeneration capacity of this species. Many studies
have showed that L. peruvianum is good material for regeneration (Tal et al.
1977, Locy 1983, Muhlbach 1980). Different explants have been used to
regenerate whole plants, such as leaf (Tal et al. 1977, Kut and Evans 1982,
Frary, unpublished data), stem and hypocotyl (Locy 1983, Zelcer et al. 1984),
cotyledon (Ammati et al.1984, Frary, unpublished data) and mesophyll
protoplast (Muhlbach 1980, Zapata and Sink 1981). Another factor important
in transformation is the susceptibility of L. peruvianum to A. tumefaciens.
L. peruvianum has been transformed successfully by means of the A.
tumefaciens transformation method (Koornneef et al. 1987b). In their
experiment, transformation efficiency, based on rate of explants with shoots
or calli over total explants, was 59% when stem explants were used, and 33%
when leaf explants were used. Moreover, Koornneef et al. (1986) reported
that the selected tomato plant with an expected 25% genetic material from L.
peruvianum (and balance of L. esculentum) can be successfully transformed
by using a similar method. In addition, Morgan et al. (1987) demonstrated
that L. esculentum can be infected by Agrobacterium rhizogenes. This
bacterium is another species of Agrobacterium that causes "hairy root"
syndrome when the plants are naturally infected. In their experiment,
transgenic plants were obtained by using an Ri plasmid as a vector. These

evidences indicate that A. tumefaciens-mediated transformation method is
feasible for L. peruvianum.
Since understanding the molecular basis of the self-incompatible
response of_L. peruvianum impinges upon the successful transformation of
SI genes into its self-compatible plants, thus, it will be useful to establish an
efficient transformation system which will allow to obtain a large number of
transformants. Although L. peruvianum has been shown to be susceptible to
infection by A. tumefaciens, the possibility that the transformation efficiency
can be improved still remains. Also, considering the polymorphism of the
species, optimal conditions for regeneration and transformation of the SC
accession LA2157 needs to be established.
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CHAPTER 2

MATERIALS AND METHODS

Plant Material

Cotyledon explants derived from self progeny of a single plant of L.
peruvianum accession LA 2157, a self-compatible accession, were used as the
experimental material. Ripe fruits of LA 2157 were collected and seeds were
placed into 10% sulfuric acid solution with gentle stirring to eliminate the gel
attached to seeds. After 30 minutes, the solution was poured through a
screen, and the remaining sulfuric acid was washed away completely from the
seeds using tap water. The seeds were sterilized in 15% Clorox solution for 15
minutes, rinsed three times in sterile distilled water. Five to ten seeds were
inoculated in each 90 x 15 mm vial containing ca. 10 ml Murashige and Skoog
(MS) basal medium (Murashige and Skoog 1962). MS basal medium contains
MS salts and MS organics (Appendix 1). The vials were kept in an incubator
at 25°C on a 16 hour light/8 hour dark cycle of cool white fluorescent lamps
with a range of 36.3 to 58.5 um/s/cm^ of the illuminating intensity. After 15
days, cotyledon explants were excised for use.

Shoot Regeneration

Cotyledon explants of L. peruvianum were used for shoot
regeneration. MS basal medium with a range of zeatin was used to test shoot
regeneration rate. The range of trans isomer zeatin (Sigma Chemical Co.)
concentrations tested was 0 mg/L, 1 mg/L, 2 mg/L and 4 mg/L individually.
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The medium for this experiment was MS basal medium with 20 g/L sucrose,
8 g/L Difco-bacto agar. The medium pH was adjusted to pH 5.7 before
autoclaving. Autoclaved media were poured into 60 x 20 mm plastic petri
plates, each contained ca. 10 ml. Fifteen day old cotyledon explants of L.
peruvianum were used for the shoot regeneration test. Each cotyledon
explant was cut at base by scalpel, and placed on various media with their
adaxial surfaces in contact with the media. Each petri plate contained four
pieces of cotyledon. Cotyledon explants were inoculated at a range of 36 to 108
pieces for each treatment. In addition, all of the cultures in petri plates were
wrapped with parafilm. Culture conditions were same as for seed
germination. Inoculated plates were arranged randomly in the incubator.
During incubation, the number of shoots per plate was counted. The
experiment was repeated once.

A. tumefaciens

A. tumefaciens-mediated method was adopted for the gene
transformation experiment. A binary vector, 13 kb plasmid pBI 121
(Clonetech, Inc., Palo Alto, CA), shown in Figure 1, contains the kan gene and
uidA gene between two intact T-DNA border sequences. The nopaline
synthase promoter, derived from a Ti plasmid, was fused with the 5' end of
kan sequence. The uidA gene was flanked by the cauliflower mosaic virus
35S RNA promoter sequence at 5' end. Both of these promoters are
considered to control gene expression constitutively in plant cells. The binary
vector can replicate in both E. coli and A. tumefaciens. LBA 4404 (Clonetech,
Inc., Palo Alto, CA), a non-oncogenic A. tumefaciens strain, harbors a Ti
plasmid with a deleted T-region but intact vir region. The vir region of this
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Ti plasmid can remove and transfer the T-DNA of pBI 121 into plant cells.
Mobilization of pBI 121 plasmid from E. coli strain DH5a into LBA 4404 was
achieved by the helper plasmid, RK 2013, in E. coli strain HB 101 (Clonetech,
Inc., Palo Alto, CA). This tri-parental mating was done primarily according to
the protocol described by An et al. (1988).

Triparental Mating
Five ml Luria Broth (LB) media containing 50 ug/ml kanamycin were
inoculated with a single colony HB 101 cells/RK 2013 plasmid and DH5a cells
/pBI 121 plasmid separately (LB medium components are listed in Appendix
1). They were cultured at 37^ C overnight. A single colony of LBA 4404 was
cultured in 5 ml LB media containing 25 ug/ml streptomycin. This was
cultured at 30^ C for 2 days.
One hundred ul of each of above cultures was combined in a sterile
microfuge tube. In addition, 100 ul of LBA 4404 and DH5a/pBI 121 without
the helper strain HB 101/RK 2013 was mixed as a control for mating
efficiency. Mixed cells were centrifuged for 4 min. at 12,000 relative
centrifugal force (ref). The supernatant solution was poured off. Pellets were
resuspended in 100 ul LB media. Twenty five ul from each mating mix was
spread onto a freshly poured LB agar plate, and incubated at 30^C for two days.
Each of 25 ul cultures from LBA 4404, HB 101/PK 2013 and DH5a/pBI 121 also
was spread separately on LB media containing 50 ug/ml kanamycin and 25
ug/ml streptomycin as a control.
Mated cells were scraped by a small bent glass rod, collected into sterile
microfuge tubes, resuspended by vortexing in 1.5 ml minimal (AB) medium
(see Appendix 1), and spun down for 4 min. at 12,000 ref. The supernatants
were poured off. The pellets were resuspended in 1 ml AB media, 100 ul of

them was spread on AB agar media containing 50 ug/ml kanamycin and 25
ug/ml streptomycin, and incubated at 30°C for two days. Mated A.
tumefaciens cells grew on antibiotic selective media, and contained the binary
plasmid pBI121.

Confirmation of LBA 4404 Containing pBI121 Plasmid
A single colony derived from mated A. tumefaciens cells, was
cultured in 3.5 ml LB media containing 50 ug/ml kanamycin and 25 ug/ml
streptomycin at 30^ C overnight. Three ml of this culture was transferred to a
microfuge tube, and spun down at 12,000 ref for 30 seconds. The supernatant
was poured off. The pellets were vortexed in 200 ul LiCl buffer (50 mM Tris
pH7.5, 62.5 mM EDTA, 0.4% Triton X-100, 2.5 M LiCl). Twenty ul of freshly
made lysozyme (10 mg/ml in water) was added to the resuspended solution,
mixed well and was incubated at room temperature for 5 min. Digested cells
were heated for 3 min. at 100^ C, and cooled immediately on ice for 5 min.
The sample was then be centrifuged for 15 min. at 12,000 ref at room
temperature. After centrifugation, the pellet was carefully removed with a
toothpick and discarded. Two volumes of 95% alcohol was added to the
tubes, mixed well with the remaining solution and kept at -20^ C for 30 min.
The solution was spun for 10 min. at 12,000 ref speed, the supernatant was
poured off, then 0.5 ml 70% ethanol was used to rinse the pellet followed by a
rinse with 95% ethanol. The pellet was dried at room temperature for 30
min. One hundred ul of TE buffer (10 mM Tris pH 8.0 and 1 mM EDTA) was
used to resuspend the pellet at 65^C for 10 min.
Ten ul of the above suspended solution was mixed with 0.75 ul Eco RI
(15 units) and 0.75 ul Hind III (15 units) restriction enzymes, 1.5 ul 10X Eco RI
buffer, 2.0 ul water, and incubated for 2 hr at 37°C. The digested solution was
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mixed with 5 ill stop buffer (Appendix 2). Then the digested DNA was
separated on an 0.8% agarose gel in 0.4X neutral electrophoresis buffer (NEB)
buffer (Appendix 2) at 50 volts (50 mAmps) for 2 hr. Lambda DNA cut by
Hind III was used as a DNA marker to evaluate the length of inserts. The gel
was stained with ethidium bromide (approx. 200 ug/L) 15 min., destained
with water for another 15 min., and observed under UV light (Foto/Prep I).
The 3 kb length of uidA gene sequence flanked between T-DNA boarder of
pBI121 was confirmed.

Determination of the Concentration of A. tumefaciens
Sterile Luria broth (LB) medium containing 25 ug/ml streptomycin
and 50 ug/ml kanamycin was used to culture mated A. tumefaciens. Five ml
of above medium was inoculated with A. tumefaciens from a single colony
and cultured at 30^C at 200 rpm. After 18 hours, the culture was read at OD
600 nm at every hour until the OD reading was stable, indicating the culture
was at a stationary phase. One hundred ul of the stationary culture was
mixed with 5 ml LB media containing 25 ug/ml streptomycin and 50 ug/ml
kanamycin, and cultured at 30^ C. After about 18 hours, the culture was
diluted to 10"^, 10"6 and lO-'7 times, and the concentration of the culture was
determined by the number of colony formed on the plates. The
concentrations of the A. tumefaciens cultures used in the two transformation
experiments were 1.0X10^ cells/ml and 3.3X10^ cells/ml respectively.
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Transformation

Define Cocultivation
Four different media were used for determination of optimum
cocultivation medium. They were 2Z, 2Z/TOB, KCMS and KCMS/TOB
media respectively. 2Z medium contains MS basal medium (App. 1)
including 20 g/L sucrose, 8 g/L agar and 4 mg/L zeatin. KCMS medium
contains MS minimal organics (App. 1) supplemented with 2,4-D (0.1 mg/L),
kinetin (1.0 mg/L), thiamine hydrochloride (0.9 mg/L), potassium acid
phosphate (200 mg/L) and 8 g/L agar. 2Z/TOB and KCM/TOB media are 2Z
and KCMS media with a layer of tobacco suspension cells on top respectively.
In addition, KCMS with a layer of tobacco suspension medium (KCMS/TSM)
(App. 1) was used to test the effects of tobacco suspension cell medium on
shoot regeneration.
Preparation of tobacco suspension cells is as follows: Calli derived
from 'Wisconsin 38' tobacco stem was purchased from Carolina Biological
Supply Company (Burlington, North Carolina), and inoculated on tobacco
suspension (App. 1) with 8 g/L agar in the dark at 25^ C for 2 weeks until the
friable calli formed. Calli were subcultured approximately every month, and
used for subsequent transformation experiments. Approximately 3 gram of
callus was cut into small pieces, then transferred into flasks containing 50 ml
tobacco suspension medium without agar, and shaken gently on a gyratory
platform shaker (NEW Brunswick Scientific. Edison, NJ) at room
temperature. After one week, the culture was poured through 0.2 mm screen.
Single cells or small calli passed through the screen, and be collected. Twenty
five ml of collected solution was mixed with 25 ml fresh tobacco suspension

medium without agar, and grown for about ten days. One ml of tobacco
suspension cells was spread on top of 2Z/TOB and KCMS/TOB media.
Explants cut at the base of cotyledon explants were placed on each of
above cocultivation media for two days, and then transferred onto 2Z
medium with 4 mg/L zeatin for shoot regeneration. Each plate was
inoculated with 4 pieces of explants. Twenty-one days after inoculation, the
total number of shoots per plate was counted.
The transformation scheme is described in Table 1. The method for A.
tumefaciens-mediated transformation was based on Horsch et al. (1988).
Briefly, fifteen day old cotyledon was cut at the base end, and placed on sterile
Whatman papers which were on top of either KCMS/TOB or KCMS/TSM
medium (App. 1) for two days. Swollen explants were chosen for
cocultivation with A. tumefaciens.
Explants were inoculated in the cultures of A. tumefaciens, blotted dry
gently after explants have been soaked for 15 minutes, placed adaxial on the
same cocultivation media used for preculture and incubated for two days.
Infected explants were directly transferred onto selective shoot regeneration
medium 500 mg/L carbenicillin and 100 mg/L kanamycin) or to non-selective
shoot regeneration medium (500 mg/L carbenicillin) for six days and then
transferred onto selective shoot regeneration medium. Non-infected
explants followed the same treatment and served as a control (CK2). In
addition, non-infected explants, after 4 day preculture on KCMS/TOB
medium, were also be inoculated on non-selective shoot regeneration media
(CK1). When shoots were 1-2 cm long, they were transferred to rooting
medium containing basal MS medium with half strength salts (App. 1), and
also 500 mg/L carbenicillin and 50 mg/L kanamycin. When roots first
appeared, plantlets were removed, agar washed from the base and planted in
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plug-trays (TLC Polyform, Inc., Plymouth, MN). The pots were placed in
transparent boxes and closed tightly to retain humidity. After 7-10 days, the
box lids were opened and plantlets were transferred to the misty room for
their acclimation to the ambient humidity. Regenerated plants were
transferred to the greenhouse and fertilized and grown under standard plant
growth conditions.

Analysis of Reporter Gene Expression in Regenerated Plants
GUS Histochemical Assay. All regenerated tissues were subjected to
the GUS histochemical assay. The protocol based on Jefferson et al. (1987) and
Plegt and Bino (1989). Briefly, the procedure is as follows:
Sections were cut by hand from stems and leaves of plants grown in
the greenhouse, or from shoots and calli regenerated from the selective
media, and rinsed in 50 mM NaT^PC^, pH 6.0. Subsequently, the sections
were incubated for 5 hours in 1 mM X-Gluc (5-bromo-4-chloro-3-indolyl Dglucuronide) (Clontech Laboratories), 50 mM Na^PO^., pH 6.0 at 37®C. After
staining, the sections were mounted for microscopy. Blue staining was
recorded as an indication of uidA activity
Expression of kan in Regenerated Plants. A simple, nondestructive
spraying assay method described by Weide et al. (1989) was adopted to test the
kan expression activity. Briefly, Regenerated plants with five true leaves
were sprayed with 200 mg/L kanamycin once a day for 3 consecutive days.
During this period, water was applied directly into pots to prevent kanamycin
from being washed off from leaves. A total of approximately 100 ml was
sprayed per pot. One week after spraying, leaves were scored for the
appearance of chlorotic spots.

CHAPTER 3

RESULTS

Triparental Mating

LBA 4404, a strain of A. tumefaciens harboring Ti plasmid with deleted
T-region, was found to be able to grow on LB medium containing 25 ug/ml
streptomycin at 30^C, but it failed to grow on LB medium containing both 25
ug/ml streptomycin and 50 ug/ml kanamycin. Two strains of E. coli, HB 101
harboring RK 2013 (helper plasmid) and DH5a containing pBI121 were able to
grow on LB medium containing 50 ug/ml kanamycin and they grew well at
370 C. Both E. coli failed to grow on LB medium containing both 25 ug/ml
streptomycin and 50 ug/ml kanamycin. A single colony from each of the
above bacteria was used for a triparental mating.
After triparental mating, A. tumefaciens colonies were recovered that
could grown on AB medium containing both 25 ug/ml streptomycin and 50
ug/ml kanamycin. A single colony from mated A. tumefaciens was used to
generate a culture for plasmid extraction. Plasmids from both E. coli DH5a
containing pBI 121 and mated A. tumefaciens were digested by two restriction
enzymes, Eco R1 and Hind III together. The result is shown in Figure 2. Both
digested DNA samples contained a 3 kb DNA fragment that corresponds to
the uidA gene (Clontech Laboratories). Therefore, it was confirmed that pBI
121 has been mobilized into A. tumefaciens. In addition, the pBI121 plasmid
was also mobilized into A. tumefaciens in the absence of helper plasmid,
although the colony numbers of mated A. tumefaciens were quite less than
mated A. tumefaciens from triparental mating.
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Figure 2. Comfirmation that the binary vector (pBI 121) was
mobilized into A. tumefaciens after triparental mating.
Lane 2: pBI 121 plasmid from E. coli was digested with Hind IE
plus Eco RI. The 3 kb band represents uidA sequence of pBI 121.
Lane 3: plasmid extracted from A. tumefaciens after triparental
mating digested by the same enzymes. The 3 kb band appears on
the gel. Lane 1 is the molecular weight marker of X DNA digested
with Hind III.
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Shoot Regeneration of Cotyledon Explants of L. peruvianum

Seeds of L. peruvianum were aseptically grown on MS medium. After
15 days, cotyledon was collected and cut at the base end. Four pieces of
explants were inoculate per plate. 2Z media containing three different
concentrations of zeatin were used. The experiment was repeated once. Total
number of shoots per plate was adopted as a criterion to evaluate the medium
effect on shoot regeneration. The homogeneity variance of the two
experiments was analyzed by F-test and was not significant (P > 0.05), thus, the
data from two experiments was combined for data analysis. The statistical
analysis shown in Table 2 demonstrates that no significant variation occurred
between the two independent experiments. Flowever, there was a significant
experiment X concentration effect. Figure 3 shows that 4 mg/L zeatin gave
rise to the highest number of shoots per plate, and 1 mg/L zeatin induced the
least number of shoots per plate at 38 days after the inoculation in both
experiments. No shoot or callus could be induced when zeatin was absent in
the medium.

The Effect of Cocultivation Media on Shoot Regeneration

The effect of cocultivation media on shoot regeneration of cotyledon
explants was tested by inoculating explants on four different media for two
days, then transferring all to 2Z medium with 4 mg/L zeatin for regeneration.
The experiment was repeated once.
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Since the homogeneity of variance of

Table 2. The statistical analysis of the effect of various
levels of zeatin on shoot regeneration.

DF

EXPT

1

0.039

0.039

0.500

91
2
1
1
2
146
242

7.179
1.622
1.392
0.108
0.041
0.672

0.079
0.811
1.392
0.108
0.021
0.005

17.130
176.060
302.140
23.430
4.470

REP(EXPT)1
CONC
con linear
cone quad
EXPT*CONC
Error
Corrected Total

Sum of Squares

Mean Squares F value Pr

Source

1 The error term of REP(EXPT) is used for the hypothesis testing of EXPT.
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0.481
0.001
0.001
0.001
0.001
0.013

3

Experiment 1
Experiment 2
0

1-r
o

1

T
2

-O-

"7-1-

3

4

5

Zeatin (mg/L)

Figure 3. The effect of zeatin on shoot regeneration.
The media for shoot regeneration were MS basal
medium plus various concentrations of zeatin. The data
was obtained after 38 day post-inoculation. The bars
which equally flank each value refer to the standard
errors.
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two experiments was significant by F-test (P < 0.05), the statistical analysis was
performed separately for two experiments. Table 3 indicates that the media
affected shoot regeneration in both experiments. As shown in Table 4, it is
apparent that the shoot regeneration capacity of explants varied on the
different media. Without addition of suspension culture (KCMS), the
number of shoots per plate was not significantly different from KCMS/TOB,
but significant compared to 2Z/TOB and 2Z in experiment 1 and 2Z/TOB in
experiment 2. Significant difference was observed between 2Z/TOB and 2Z
treatments, although the order of difference is not consistent.
In an attempt to understand the effect of the tobacco suspension cells
on shoot regeneration, two different types of the cocultivation media were
used. One was KCMS medium with a layer of tobacco suspension culture
(KCMS/TOB), another was KCMS medium with a layer of tobacco suspension
medium (KCMS/TSM). The tobacco suspension medium was a medium for
culturing tobacco suspension cells. Cotyledon explants were precultured on
two media for two days, and then transferred onto 2Z medium containing 4
mg/L zeatin for shoot regeneration. The experiment was performed twice.
The homogeneity of variance of two experiments was analyzed by F-test but
not significant (P > 0.05); thus, the data from two experiments was combined
for analysis. Table 5 indicates that there was a significant experiment X media
interaction. The averaged numbers of shoots per plate were 3.4 and 3.7 in
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Table 3. The effect of cocultivation media on shoot regeneration

Experiment 1
Source

df

Media 1
Error
Corrected Total

3
71
74

Sum of Squares
1.131
0.869
2.000

Mean Square
0.377
0.012

F Value

Pr

30.800 0.001

Experiment 2
Source

df

Media
Error
Corrected Total

3
68
71

Sum of Squares
1.667
2.900
4.567

Mean Square
0.556
0.043

F Value

Pr

13.020 0.001

^ Four different cocultivation media were used in the experiments. They are KCMS/TOB,
KCMS, 2Z/TOB and 2Z as indicated in Table 1.

Table 4. Duncan grouping analysis of the effect of four
cocultivation media on shoot regeneration

Means^

Media1

Expt.l

Expt.2

KCMS/TOB
KCMS
2Z/T0B
2Z

4.1 a
3.7 a
2.6 b
1.5 c

3.2
2.7
0.8
2.5

a
a
b
a

1 Four different cocultivation were used in the experiments. They were
KCMS/TOB, KCMS, 2Z/TOB and 2Z as indicated in Table 1.
2 The mean is expressed as the number of shoots per plate. Each was
inoculated with 4 pieces of explants. Letters following each
mean refer to a significant statistical difference between the treatments.
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Table 5. The statistical analysis of the effect of KCMS/TOB
and KCMS/TSM medium on shoot regeneration

Source

DF

EXPT

1

0.001

0.001

0.07

0.790

17
1
1
17
37

0.130
0.001
0.011
0.025

0.008
0.001
0.011
0.002

5.22
0.63
7.70

0.001
0.439
0.013

REP(EXPT)1
MEDIA
EXPT*MEDIA
Error
Corrected Total

Sum of Squares

Mean Squares F value

1 The error term of REP(EXPT) is used for the hypothesis testing of EXPT.
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Pr

experiment 1 and 2 respectively when KCMS/TOB was used (see Table 6).
The KCMS/TSM medium gave rise to 3.8 and 3.6 shoots per plate on average
in experiment 1 and 2, respectively.

Transformation of Cotyledon Explants

According to the results from the shoot regeneration experiments,
either KCMS/TOB or KCMS/TSM media was chosen for preculture and
cocultivation depending on treatments, and 2Z containing 4 mg/L zeatin was
used for shoot regeneration. Two different parameters were used to evaluate
the transformation efficiency. One is that transformation efficiency is defined
as the number of explants giving rise to shoots over total explants inoculated.
These results are shown in Table 7. The results suggest: 1) about 99% noninfected explants could regenerate shoots after 4 days preculture on
KCMS/TOB medium and then on 2Z containing 4 mg/L zeatin plus 500 mg/L
carbenicillin for 59 days (CK1 treatment). Non-infected explants could not
regenerate shoots or calli when grown directly on 2Z medium with both 50
mg/L kanamycin and 500 mg/L carbenicillin after 4 days preculture (CK2
treatment), or on 2Z medium containing 500 mg/ml carbenicillin for 6 days
and then on selective shoot regeneration medium containing kanamycin
(CK3 treatment); 2) after two day preculture, explants infected by A.
tumefaciens could regenerate shoots successfully on the selective shoot
regeneration medium (T2200, TB2200 and T2260 treatments). Without
preculturing explants, there was almost no shoot regenerated from explants
(T0200 treatment). In addition, transformation efficiency varied among the
treatments. In the TB2200 treatment which KCMS/TSM medium was used
for preculture and cocultivation, an average of 41 % explants of two
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Table 6. The effect of tobacco suspension medium on shoot
regeneration compared to that of tobacco suspension culture

Media

No. Of Shoots/Plate
EXPT1
EXPT2

KCMS/TOB
KCMS/TSM

3.4+0.31
3.8+0.1

3.7+0.1
3.6+0.2

1 the value refers to an averaged mean + standard error. The means are expressed as the
average number of shoots per plate. Four piece of explants were inoculated in each plate.

Table 7. Regeneration of shoots and call! in the various
treatments of Agrobacterium-mediated transformation^

Media

No. of
explants

Explants
w/shoots (%)

Explants
w/calli (7o)

Explants w/
shoots or calli
(%)

1
0
0
1
44
6
30

100
0
0
1
51
83
80

1
0
0
0
17
15
53

100
0
0
0
18
34
84

Experiment 1
CK1
CK2
CK3
T0200
T2200
T2260
TB2200

72
70
76
92
97
88
98

99
0
0
0
7
77
50
Experiment 2

CK1
CK2
CK3
T0200
T2200
T2260
TB2200

80
84
80
96
90
94
108

99
0
0
0
1
19
31

^The treatments are defined in Table 1. The concentrations of the Agrobacterium cultures were
1.0X10^ and 3.3X10^ viable cells/ml in experiment 1 and 2 respectively.
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experiments produced shoots. In the case where KCMS/TOB medium was
used as a preculture and cocultivation medium (treatment 2260), an average
of 48% explants of two experiments gave rise to shoot formation. Without
the 6 day prolonged culture after cocultivation (treatment 2200), only 4%
explants on average of two experiments produced shoots; 3) there was
variation between the two experiments for treatments except CK1, CK2, CK3
and T0200 treatments.
Another parameter used to define transformation efficiency is the
number of explants giving to either shoots or calli over total number of
explants. The results in Table 7 suggest: 1) nearly 100% explants could
regenerate shoots with little callus growth in CK1 treatment, and shoot or
callus was hardly formed in CK2, CK3 and T0200 treatments; 2) when the
percentage of explants with either shoots or calli was used as a parameter, the
transformation efficiencies in T2200, TB2200 and T2260 treatments were 53%,
80% and 83% respectively in experiment 1. In experiment 2, the
transformation efficiencies in T2200, TB2200 and T2260 treatments were 18%,
84% and 34% respectively. The results also indicate that there were much
more calli induced and unable to develop shoots on the selective shoot
regeneration medium in T2200, TB2200 and T2260 treatments compared to
only 1% explants producing calli in CK1 treatment; 3) the difference in the
transformation efficiency between the two experiments varied greatly in
T2200 and T2260 treatments, whereas there was not much different between
the two experiments for TB2200 treatment.
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Confirmation of Transformed Tissues and Plantlets

Two methods were used to confirm the transformation of tissues or
plantlets regenerated from infected explants: 1) glucuronidase (GUS) activity
assay; 2) kanamycin spraying assay. The shoots and calli regenerated from
infected explants were collected and used for the GUS assay. The results are
shown in Table 8. Forty four percent of shoots and calli tested showed
positive for the GUS activity.
Only two plantlets were available for the kanamycin resistance test.
One week after the kanamycin solution was sprayed, necrotic spots were
found on non-transgenic plants, but were not visible on the transgenic plants.
However, when the leaves were sprayed with the same concentration of
kanamycin for more than 5 days, then there were tiny spots visible on the
transgenic plants.
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Table 8. GUS assay of the various treatments of
Agrobacterium-mediated transformation^

Treatments

Type of tissues tested

GUS+ (%)

T2200
T2200

callus
shoot

1/62(17)
0/1 (0)

TB2200
TB2200

callus
shoot

16/42 (38)
10/20 (50)

T2260
T2260

callus
shoot

6/12 (50)
15/28 (54)
Total 48/109 (44)

^The treatments are defined the same as described in Table 1.
2 Refer to the number of GUS+ per total number of the samples.
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CHAPTER 4

DISCUSSION

Foreign DNA transformation by means of an A. tumefaciens-mediated
vector has been successfully applied to many species (reviewed by Fillatti
1990). In general, the transformation process can be artificially divided into
two steps; transfer of foreign DNA into plant cells and recovery of
transformed cells (Chyi and Phillips 1987). Factors can be classified into two
categories: one is the factors that affect attachment and recognition between
A. tumefaciens and plant cells and expression of vir genes that activates the
transfer of T-DNA into plant cells (Depicker et al. 1985, Neff and Binns 1985,
Krens et al. 1985, Stachel et al. 1985). Another is factors affecting cell division
and regeneration of transformed plant cells (An 1985, Chyi and Phillips 1987).
Optimization of these factors is a necessary step toward efficient
transformation of plants. The goal of the present experiments was to
optimize the factors affecting A. tumefaciens-mediated transformation of L
peruvianum.
L. peruvianum is characterized by its high regeneration capacity (Tal et
al. 1977, Kut and Evens 1982). Cotyledon explants of L. peruvianum have
been used to regenerate shoots successfully (Ammati et al. 1984, Frary,
unpublished). In the present study, 2Z media containing three concentrations
of zeatin were used to regenerate shoots from cotyledon explants. Four mg/L
zeatin produced the highest percentage of shoots among three treatments.
No shoots was regenerated from 2Z media in the absence of zeatin.
The effect of cocultivation media on transformation efficiency has been
tested in cultivated tomato plants (Fillatti et al. 1987b), and it was found that
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different cocultivation media have different effects on transformation
efficiency. Moreover, Fillatti et al. (1987b) demonstrated that KCMS with a
layer of tobacco suspension culture could increase transformation efficiency
up to 73%. Since tobacco suspension cells contains chemical compounds
similar to the exudate of wounded tissues, so it may activate the expression of
vir genes, resulting in the increased transfer of the T-DNA into infected cells
(Stachel et al. 1986). With this assumption, tobacco or petunia feeder layer
have been commonly used in A. tumefaciens-mediated transformation
experiments (Fraley et al. 1983, Horsh et al. 1985, Koornneef et al. 1987 and
Fillatti et al. 1987a). In each of these experiments, however, the effect of the
feeder layer media alone on transformation efficiency was not tested.
Consistence with the results from Hamza and Chupeau (1993), the
present study also demonstrated that the quality of cocultivation media can
have a great impact on shoot regeneration (Table 3 and 4). In general, KCMS
media with or without a layer of tobacco suspension cells can regenerate more
shoots than 2Z media with or without feeder layer. The reason may be that
KCMS medium contains 0.1 mg/ml 2,4-D (auxin) and 1.0 mg/ml kinetin
(cytokinin), whereas 2Z medium contained only 4 mg/ml zeatin (cytokinin).
In addition, the presence of a feeder layer of tobacco suspension cells also has
an effect on shoot regeneration. For reasons unknown, the addition of the
same feeder layer in 2Z medium (2Z/TOB) did not induce the consistent
response of shoot formation in two experiments. Such inconsistency was also
observed in 2Z treatment.
In an attempt to understand the effect of tobacco suspension cells on
the shoot regeneration of L. peruvianum on KCMS medium, a layer of
tobacco suspension medium without cells was placed on top of KCMS

medium as a control. The results in Table 5 and 6 indicate that the presence
or absence of tobacco cells did not affect shoot regeneration differently.
The results from the transformation experiments (Table 7) show that
99% non-infected explants could regenerate shoots successfully on 2Z
medium with 4 mg/L zeatin after precultured on KCMS/TOB, suggesting that
the system for shoot regeneration was suitable for transformation
experiments. In addition, 500 mg/L carbenicillin in shoot regeneration
medium did not have a significant effect on shoot regeneration of cotyledon
explants, however, 50 mg/L kanamycin can completely inhibit shoot
regeneration of non-infected explants, indicating that the adopted
concentrations of carbenicillin and kanamycin can act successfully in selecting
transformed cells.
Since successful transformation relies upon the integration of T-DNA
into plant cells, the factors affecting the integration process should be
optimized as well. In the present study, transformation efficiency was almost
zero without 2 day preculture of cotyledon explants. The result is consistent
with the conclusion from Fillatti et al. (1987) and Sangwan et al. (1991) in
which preculture of explants prior to infection was shown to be crucial for
efficient transformation. Since rapid growth of plant cells is critical to
efficient transformation (An 1985) and phenolic compounds released from
plant cells can activate the expression of vir genes in Ti-plasmid (Stachel et al.
1986, Bolton et al. 1986), thus Fillatti et al. (1987) therefore suggested that the
preculture of explants may result in either increased activity of cell division
or accumulation of chemical compounds from plant cells during preculture
process. Why rapidly dividing plant cells are more subject to transformation
is not clear. Based on the fact that newly formed primary cell walls is required
for attachment and transformation by A. tumefaciens (Krens et al. 1985),

Sangwan et al. (1991) therefore proposed that the plasma membrane or
primary cell wall is more accessible to the bacterium during the state of rapid
cell division. As a result, the transfer of T-DNA into plant cells is facilitated.
Although tobacco suspension culture have been commonly used as
feeder layers, the advantage of using tobacco suspension culture varied
among different species (Fillatti et al. 1987, Schmidt and Willmitzer 1988). In
both of these experiments, it was not reported how tobacco suspension
medium alone affected both shoot regeneration and transformation
efficiency. Because tobacco suspension media usually contain a certain
amount of 2,4-D, or other hormones, the contribution of tobacco suspension
media to the increase of transformation efficiency is not clear. In the present
study, when tobacco suspension culture were used as a feeder layer during
preculture and cocultivation process (T2200), the transformation efficiency
was greatly decreased compared to a treatment in which a feeder layer was the
tobacco suspension medium without cells (TB2200). Since the previous result
indicates that both of tobacco suspension culture and tobacco suspension
medium had the same effect on shoot regeneration, therefore, the negative
effect of tobacco suspension culture on transformation efficiency may be due
to either the transformed cells grown in presence of tobacco suspension
medium have better potential to recover on the selective shoot regeneration
medium than transformed cells grown in the presence of tobacco culture or
tobacco suspension culture may greatly impede efficient transfer of T-DNA
into plant cells. Bolton et al. (1986) showed that high concentrations of
phenolic compounds can inhibit expression of vir E gene, and consequently
could inhibit Agrobacterium during early stage of infection. Since the
concentrations of phenolic compounds in tobacco suspension cells were not

tested in the present experiment, so how tobacco suspension culture reduced
transformation efficiency remains unknown.
In contrast to the present results, the recent study by Hamza and
Chupeau (1993) showed that the feeder cells could increase the
transformation efficiency and reduce the capacity of shoot regeneration
slightly. Several distinctions make it difficult to compare the two different
conclusions. First, the effect of tobacco suspension medium on the
transformation events was not investigated in their experiment, thus, the
possibility that the increased transformation efficiency might be due to the
addition of the tobacco suspension medium rather than tobacco suspension
cells could not be ruled out. Secondly, the negative effect of feeder cells on
shoot formation was found when infected explants were used in their study,
which is different from the present work where the normal explants were
used to examine the shoot formation in response to the application of feeder
cells. Thirdly, the contrasting results may result from the use of different
materials. Lycopersicon esculentum was used in their experiments instead of
L. peruvianum. The difference in the media and concentrations of feeder
cells may also contribute to the discrepancy.
Infected explants grown on the non-selective shoot regeneration
medium for 6 days prior to the selective medium (T2260) could regenerate
more transgenic tissues compared to those selected for shoot regeneration
immediately after cocultivation (T2200), suggesting that there were certain
portions of transformed cells that failed to be recovered when shoot
induction on the selective medium was immediately followed after 2 day
cocultivation with A. tumefaciens. The similar scenario was observed by
Sheikholeslam and Weeks (1987) in which a certain period of culture of
infected A. thaliana explants on non-selective callus induction medium was
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shown to enhance transformation efficiency. Thus, they proposed that the
prolonged culture of infected explants on non-selective medium could
improve the capacity of their shoot regeneration.
Aside from above conclusions, following information can also be
drawn from the transformation experiments:
Firstly, a range of 6% to 53% infected explants could produce calli on
the selective shoot regeneration medium. In contrast, only 1% non-infected
explants formed calli (Table 7). At present, it is not known why
transformation of plant cells could result in the increase of callus formation.
It may be worth trying shoot regeneration from those transformed calli in the
future in order to obtain more transgenic plants.
Secondly, when tobacco suspension culture was applied, the
transformation efficiencies varied up to 49% between the two replicate
experiments in the treatment where infected explants were prolonged on the
non-selective medium for six days (T2260), and up to 35% in the treatment
where infected explants were grown directly on the selective medium for
shoot regeneration (T2200). Since shoot regeneration from non-infected
explants was not affected by tobacco suspension culture, so the difference in
the transformation efficiencies between the replicate experiments in each
treatment may be due to: 1) the concentrations of biological compounds in
tobacco suspension cells might vary, consequently exert different effects on
transfer T-DNA and recovery of transformed cells. Interestingly, there is only
4% variation in transformation efficiencies between the two replicate
experiments in the treatment where tobacco suspension medium without
cells was used as the cocultivation medium. Since the tobacco suspension
medium without cells contained more consistent components between the
two experiments than did the treatments with the tobacco suspension culture.

thus it may provide more uniform conditions for interaction between the
bacteria and plant cells; 2) the concentrations of A. tumefaciens used in two
experiments were l.OXlO^ and 3.3X10^ cells/ml respectively. According to
Fillatti et al. (1987), five-fold increase or decrease around optimal
concentration of the A. tumefaciens could decrease transformation efficiency
by 30-40%. Since the effect of the different A. tumefaciens concentrations on
the transformation efficiencies was not tested, it is therefore very difficult to
predicate how much 2.3X108 cells/ml difference in the concentrations of A.
tumefaciens could contribute to the total difference in the transformation
efficiencies.
GUS assay results in Table 8 indicate that 44% samples from tissues
regenerated on the selective medium showed positive GUS activity. A
majority of tissues regenerated from the selective medium did not express
detectable amount of GUS. The reason may be due to either the escapes of
plant cells from selective pressure (i.e., not transformed) or non-expression of
T-DNA inside the plant genome.
It is worthy to mention that A. tumefaciens could not be completely
killed in the presence of 500 mg/L carbenicillin, but its growth was inhibited.
Therefore, it is very important to root shoots under selective condition
containing both kanamycin and carbenicillin.
The results from kanamycin spraying assay showed that two plantlets
derived from infected explants indeed expressed kan in vivo, suggesting that
they contain integrated T-DNA. The presence of integrated T-DNA was also
confirmed by the positive GUS activities of these transgenic plants. However,
the exact copy number of T-DNA and its position in the genome has not be
analyzed and remains for further investigation.
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In conclusion, factors affecting A. tumefaciens-mediated
transformation of L. peruvianum have been investigated such as
cocultivation media, tobacco suspension culture and prolonged culture on
the non-selective shoot regeneration media. Taken together. The results
indicate: 1) different cocultivation media can have different effects on shoot
regeneration and transformation.

Shoot formation of explants can be

efficiently induced when either KCMS/TOB or KCMS/TSM medium is used;
2) Preculture of cotyledon explants on cocultivation medium is required in
order to obtain successful transformation; 3) a layer of tobacco suspension
medium and tobacco suspension cells on KCMS medium have the same
positive effect on shoot regeneration. However, transformation on KCMS
medium with a layer of tobacco suspension medium without cells is better
than transformation on KCMS medium with a layer of tobacco suspension
cells; 4) six day culture of infected explants on the non-selective shoot
regeneration medium prior to selection on kanamycin media can improve
recovery of transformed cells; 5) a majority of tissues regenerated under
selective condition do not have detectable GUS activity, indicating some
alternation in GUS expression, or some level of escape from the kanamycin
selection.

APPENDIX A

MEDIA

1) Luria Broth (LB) Medium
Bactotryptone (Difco)
Bacto yeast extract (Difco)
NaCl

g/L
10
5
10

2) Murashige & Skoog Salts (IX)

mg/liter

NH4NO3

1650.000

KNO3

1900.000

CaCl2(Anhydrous)

333.000

MgS04

181.000

KH2P04

170.000

FeNaEDTA
H3BO3

36.700
6.200

MnS04.H20

16.900

ZnS04.7H20

8.600

KI
Na2Mo04.2H20

0.830
0.250

CuS04.5H20

0.025

CoC12.6H20

0.025

3) Murashige & Skoog Organics (200X)
Nicotinic Acid
Pyridoxine HCL
Thiamine HCL
Glycine

g/L
0.100
0.100
0.020
0.400

4) Tobacco Suspension Medium (TSM)
MS salt base
i-Inositol
Nicotinic Acid
Pyridoxine HC1
Thiamine HC1
Glycine
Casein Hydrolysate
IAA
Kinetin

mg/liter
4303.530
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100.00

0.500
0.500
0.400
2.000
1000.000
2.000
0.200

Sucrose*

30,000

Agar(Difco-Baelo)

8000

5) 2Z Medium
MS basal medium
Sucrose
Agar
zeatin
6) 2Z/TOB Medium
2X medium with 4 mg/I, zeatin
I obacco suspension < ulture
7) KCMS medium
MS minimal organic

g/lIX
20
8

vai 1 < *< 1

I ml/plale
mg/I,

IX

2,4-D

0.0001

Kinetin
0 hiamine hydro* hloride

0.001
0 0009

K3P04

0.2

Agar

8000

H) KCMS/TOB

KCMS medium
'I obacco suspension < ullure

9) KCMS/TSM
KCMS medium
'Iobacco suspension medium

1 ml/plate

I ml/plale

10) AB medium
Solution I
K2HPO4

Na! I2PO4

3
1

Solution 2

f jluCOV'

NH4CI
MgS04,7J120

0,3

KC1

0.15

CaCl2

0.01

FeS04,7H2O

0 029 mg

1

APPENDIX B

BUFFER

1. Neutral Electrophoresis Buffer (NEB) (10X)
(pH 8.1)
Tris(l M)
EDTA disodium salt (lOmM)
Sodium acetate.3H20(125mM)

1210 g
33.6g
170.1 g

2. Stop buffer
70%
0.5X
20 mM
0.6 mg/ml
0.2%

Glycerol
NEB
EDTA
Bromophenol blue
SDS
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